ABSTRACT. The effects of extracellular anions (10-150 mM, added as Na salts to normal growth medium) on the growth of Chinese hamster V-79 cells were examined. Additions of NaCl and NaNO3 at concentrations greater than 60 mM reduced the growth rate dose-dependently. Several other anions also inhibited cell growth in the decreasing order of potency, SCN->NO2-> NO 3->Br->Cl->gluconate->glutamate->Mes-. When the added anions were removed, the growth rate was restored to the control rate. Cell survival was markedly reduced by the addition of SCN-, but was less affected by other anions (Cl-, NO3-and NO2-) of comparable potency. The respective syntheses of cellular DNA and protein, as estimated from the incorporation of [3H]-thymidine and [14C]leucine, also decreased with the increase in the concentration (60-120 mM) of anions added, the order of potency being SCN-> NO2->NO3-> Cl-. After anion-treatment, the cellular Na+ concentration increased and the cellular Cl-concentration decreased in the order of SCN-> NO2->NO3-, Cl-, but, the cellular K+ concentration did not change significantly. These data suggest that changes in extracellular anions affect cell growth and survival, probably through changes in the intracellular Na+ or Cl-concentration and in the rates of protein and/or DNA synthesis.
Proliferation of mammalian cells in culture is known to be affected by changes in extracellular cation concentrations. A reduction in the extracellular Na+ (8) or Ca2+ (7) concentration produces a lack of proliferative response and a decreased intracellular Na+ and/or K+ concentration. Removal of extracellular Na+ (1) or K+ (9) stops the initiation of DNA synthesis stimulated by such mitogens as epidermal growth factor, vasopressin and insulin. Also, intracellular K+ functions in the control of protein synthesis (2) . Thus, changes in extracellular cation concentrations appear to affect cell growth through changes in the intracellular cation concentrations and in the synthesis of DNA and/or protein.
Various biological responses are reportedly altered when there are changes in the extracellular anions (17) ; but, the effects of extracellular anions on cell growth have not yet been examined. Therefore, we have examined the effects of anions added as Na salts to normal growth medium on Chinese hamster V-79 cells.
MATERIALS AND METHODS
Cell line, media and culture conditions. Chinese hamster V-79 cells were maintained in 
RESULTS
Effects of anions on cell growth. Cells were cultured in growth medium together with NaCl or NaNO3 at various concentrations ( Fig. 1) . At a concentration of 10 mM, neither salt affected the growth rate. At concentrations above 60 mM, however, both NaCl and NaNO3 inhibited cell growth dose-dependently. NaNO3 appeared to be a more effective inhibitor of the growth rate, especially at concentrations of more than 120 mM. At high concentrations, these salts decreased the number of cells attached to the plate, probably through cell death. Growth curves of cells treated with the Na salts of various anions are shown in Fig. 2 . All the salts inhibited hamster cell growth but in the order of NaSCN>NaNO2> NaNO3>NaBr >NaCl>Na-gluconate>Na-glutamate>Na-Mes.
The effect of 240 mM of mannitol was similar to that of Na-Mes. Cell growth at 24 or 48 h, after the removal of the added 120 mM NaCl or 60 mM NaNO2 is shown in Fig. 3 . With NaCl, cells grew at a normal rate immediately after replacement of the growth medium with normal medium, but restoration of the growth rate of cells treated with NaNO2 was delayed as the length of the treatment period increased.
Effects of anions on cell survival. The survival curves of cells exposed to various concentrations of the Na salts of anions (Cl-, NO3-, NO2-and SCN-) for 5 h are given in Fig. 4 . Over the concentration range of 60-120 mM, Cl-, NO3-and NO2-slightly reduced cell survival and SCN-markedly decreased it. Thus, SCN-was the most cytotoxic of these anions.
Effects of anions on DNA and protein syntheses. The relative incorporation of [3H]thymidine into Chinese hamster cells exposed to MEM-15 medium to which 150 mM of NaCl, NaNO3, NaNO2 or NaSCN had been added is shown in Fig. 5A . With Cl-, NO3-or NO2-up to 100 mM, the incorporation of [3H]thymidine was slightly reduced. When 120 mM of one of these anions was used, there was a marked decrease in the incorporation of [3H]thymidine, the values of the relative incorpo- Fig. 1 . Growth curves of cells exposed to various concentrations of added NaCl (A) and NaNO3 (B). The arrow indicates the time at which each salt was added. 3 . Recovery kinetics of cell growth after treatment with NaCl (A) or NaNO2 (B). Cells were exposed to 120 mM NaCl or to 60 mM NaNO2 at the time indicated by the arrow (open circle). After 24 or 48 h, the growth medium was replaced with normal growth medium (closed circle). The dotted line shows the growth curve of cells cultured in normal growth medium throughout the experiment. 
DISCUSSION
The addition of various anions as Na salts to the growth medium reduced cell growth by different amounts (Figs. 1 and 2 ). The increase in osmotic pressure on the addition of the non-ionizing substance, mannitol produced a slight arrest of growth, and the similar ionizing salts NaCl, NaBr, NaNO3, NaNO2 and NaSCN had different degrees of inhibition (Fig. 2) . This difference in the ability to inhibit is not caused sole- ly by the difference in the ionization of the salts used, or to an increase in osmotic pressure and ionic strength. The order of potency of inhibition of cell growth was SCN->NO2->NO3-> Br-> Cl->gluconate->glutamate-> Mes-and it paralleled the permeability sequence of anions reported for the membrane of muscle fibers (5, 6) . When the added NaCl or NaNO2 was removed, the growth rate was restored to the rate for the control (Fig. 3) . This suggests that the added anions reversibly inhibited cell growth. The delayed restoration of the growth rate after the removal of NaNO2, as compared with NaCl, may be due to the prolonged period required for the recovery of the intracellular contents of the ion constituents. Cell survival estimated from the colony-forming activities of the cells was affected by an addition of NaCl, NaNO3 or NaNO2 with effects that paralleled our findings for the growth rate (Fig. 4) . The marked cytotoxicity of NaSCN demonstrated in the same experiments suggests that the inhibition mechanism of SCN--induced growth arrest differs qualitatively, perhaps quantitatively, from the mechanisms of the other anions tested.
Treatment of cells with anions inhibited both DNA and protein syntheses (Fig. 5) . Na salts at a concentration of 60 mM, which inhibited cell growth considerably, reduced protein synthesis, but not DNA synthesis. Thus, the added anions appeared to preferentially decrease protein synthesis. Protein synthesis reportedly is affected by the K+ and Cl-concentrations (16) , which raises the possibility that in the aniontreated cells it was reduced through changes in the cellular ion concentrations.
The cellular Na+, K+ and Cl-contents, or the calculated cellular Na+, K+ and Clconcentrations, in Chinese hamster V-79 cells (Table 1) were comparable to the corresponding values reported for Chinese hamster ovary cells (14) , Ehrlich ascites tumor cells (4), HL60 cells and myeloid leukemia Ml cells (15) . After 1 h of treatment with 150 mM of additional Na salts, the cell volume showed no significant change. Under the same conditions, the cellular Na+ concentrations increased 2-fold or more in comparison to the control value, roughly parallel to the arrest of growth, but the K+ concentration did not change. The cellular Cl-concentrations showed no increase even after the addition of 150 mM NaCl, but decreased markedly after treatment with NaNO3 or NaNO2.
The difference in the changes in the cellular Na+ and Cl-concentrations after the addition of 150 mM NaCl may be caused by the lower permeability of Cl-through the plasma membrane of V-79 cells than of Nat, or it may be caused by Cl-extrusion after the coupled influx of Na+ and Cr. Decrease in the cellular Cl-concentration after treatment with NaNO3 or NaNO2 may be caused by replacement of cellular Cl with the permeant anion, NO3-or NO2-, by accelerated Cl-extrusion as the Na+ concentration increases, or both. A considerable part of Na+ or K+ transport has been linked to Cl-transport in cultured cells (10, 11, 13) ; but, lack of change in the cellular K+ concentration suggests that K+ pumping activity (i.e. Na, K-ATPase activity) functions normally during exposure to Na salts.
Higher Nat and Cl-concentrations have been reported in rapidly dividing cells and in tumor cells than in slowly dividing cells and nontumorous cells (3) . But, because high cellular Na+ concentrations (up to 820 % of the control) reportedly do not affect cellular DNA synthesis (12) , the cellular Cl-concentration may be related to the mitotic activity of the cells. Protein synthesis is reported to be affected to different degrees by anions in cell-free systems because of the different interactions of the ions in the binding of mRNA to ribosomes (16) . In our anion-treated V-79 cells, a decrease in the Cl-concentration or increases in other permeant anion concentrations may have affected protein synthesis.
